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1ABSTRACT
The enantiomers of h-proteoted a-amine acid anilides are
separable by high performance liquid ohromatograghy on chiral 
stationary phases derived from W-3,5-dinitrobenaoyl a-amino acids
modified onto silca. A chiral recognition model is proposed.
2INTRODUCTION
"Chiral recognition" is an interaction between two chiral 
molecules which enables one to separate enantiomers on chiral 
stationary phases (C8P). The ability to separate enantiomers or 
diastereomers is due to the fact that the different configurations 
have different or non identical free energies of association. The 
difference in free energies will result in the proferential 
retention of one of the stereoisomers on the chiral stationary 
phase. In the following research, experimental evidence for the 
separation of the two enantiomers consists of two peaks in the 
chromatogram. The ratio between the retention time of the second 
peak and the retention time of the first peak is called the 
separability factor a. favorable tt values range from 1.04 to 2.00
for possible separation and for short time analysis.
.Interest in the synthesis of small peptides has led to an
increased need for a simple and rapid method for the analysis of 
enantiomeric purity of o-amino acids. Chiral stationary phases 
derived from N-3,5-dinitrobenzoyl (DNB) a amino acids are readily 
available and one CSP can separate a variety of N-protected o- 
amino acid derivatives in addition to a multitude of other racemic 
compounds. The choice of derivatives and/or N-protacting groups 
can lead to greater and more efficient separation of a variety of 
analytes on one particular DNB ot amino acid CSP. The choice of
derivatisation is based on a knowledge of existing proposed chiral*
recognition models.
3Chiral recognition models are utilised to rationalise CSP 
interaction baaed on observed experimental data. Currently, 
Pirkle and co-workers propose that at least three simultaneous 
interactions are required between the CSP and at least one the
solute enantiomers, one or more of these interactions must be 
stereo-chemically dependent.7 Previous studies on N-3,5-DNB a
amino acid phases propose that, on a time weighted average basis, 
the series of carbonyls and amide groups form a semi-rigid 
backbone (Pig l).l'2,4,7 it i8 this flat conformation that allows 
an analyte to align parallel to the CSP during chiral recognition.
Figure 1.
The derivatizing of the amino acids was chosen such that the 
derivative would exhibit suoh a rigid backbone. The "amide 
dipoles" of the analyte and the CSP will align with the "carbonyl 
group dipoles" of the analyte and CSP (Pig 2). The alteration of 
opposite dipoles aligned anti-parallel is a electrostatic 
interaction and is termed dipole stacking, it is this 
electrostatic attraction that brings the analyte and CSP chiral 
centers in close proximity allowing chiral recognition to occur.
CSP 1 R- C6H5 X- NH CSP 2 R- i-Bu X- NH
4Figure 2. Dipole Stacking.
The chiral recognition model proposes that the (R) enantiomer 
moiety of the CSP will allow the S enantiomeric analyte to preside 
in the dipole stack for a longer period of time because the side 
chain of a S amino acid derivative will not project toward the CSP 
and cause steric interaction. The R amino acid side chain will 
project toward the CSP causing enough steric repulsion to cause 
this enantiomer to elute faster than its antipode. The type of 
side chains that the CSP and the analyte bear will give particular 
<x values depending on the interaction during chiral recognition
and the solvation of the analyte's side chain in the mobile phase. 
One case was that a long alkly chain will give smaller a values. 
The change of a was attributed to the non-polar side chain having 
a greater affinity to the solvent and causing more steric 
repulsion with the CSP.2#3*4
The choice of the N-protecting group and the type of 
derivatization was based on knowing that the attached group not 
cause the backbone to buckle or twist out of the plane of
interaction. Also, we knew that the added derivative must be able 
to intercalate between the bonded strands so we knew that the size 
and shape of the protecting group would have on the a value. To
observe these effects we choose the N-protecting groups Tert-
butyloxycarbonyl (BOC), Benzyloxyoarbonyl <CBZ)' and Fluorenyl- 
methyl-oxylcarbonyl (FMOC) (Schema I).
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6The choice of the carboxyl protecting group was based on 
previous models which proposed a pi-pi interaction with the CSP's 
DNB system. In previous studies naphthalene had been 
utilized.3,4 The reason being, is that naphthalene is flat and 
could lie in the plane of the backbone, and the electron rich pi 
system would lie parallel to the DNS, which would allow greater 
interaction with the electron poor DNB. Aniline was chosen in 
this study because it is flat, it has more electron density in 
it*s pi system than the DNB system to cause electrostatic 
attraction, but was favored over naphthalene because it is less 
hazardous than naphthalene, and can be easily attached and removed 
from the peptide. If the aniline ring was not as electron rich as 
the napthyl ring then added methyl groups could be added to the 
ring to increase the electron density of the pi system. For this 
reason, dimethylanilides were used.
As mentioned earlier the ability to separate stereoisomers is
due to the fact they have different or non-identical free energies 
of association (AG^) . The a values is related to the AAG by the 
equation AAG— RTlnOt. In other words, one should be able to square 
a by doubling the energy difference. 1,2-di(Benzyloxycarbonyl
alanine-anilido) was added to the study, to observe the effects on 
a when that number of interaction sites when doubled (Fig 3). The 
bis derivative^ a would be compared to the CBZ alanine anilide's 
a. Provisions had to be made to insure that the chain linking the
bis derivative wouldn't hinder or interfere with the analyte from 
interacting with two CSP strands simultaneously.
Figure 3. Bis Derivative.
EXPERIMENTAL
General procedures for synthesis;
Tert-butyloxy carbonyl protecting group (BOC); The reagent 
(2 tert-butyloxycarbonyloximinino-2-phenylacetonitrile in 10% 
excess is added as a finely powdered solid to a stirred solution 
of an amino acid and triethylamine (which is in a 50% excess of 
the amino acid) in a mixture of 1:1 dioxane:water. Stir at room 
temperature for 2 hours. Water and ethyl acetate are added in a 
volume the same as the total reaction mixture. The aqueous phase 
is extracted with ethyl acetate and acidified to a pH between 3 
and 4 using citric acid dissolved in water. Wash precipitate 
with water and dry.3
Benzyloxycarbonyl group (CBZ); A solution of amino acid in 
2N NaOH is cooled in a ice bath and stirred rapidly. 
Benzylchlorocarbonate (10% excess) is added alternating with 2N
8NaOH. The temperature of the mixture should not rise above 10 C 
or the pH should not drop below 7. Replace the ice bath with % 
water bath at room temperature and let stir for one half hour. 
Check reaction often to ensure pH remains alkaline. Extract four 
times with ethyl ether and discard ether solution. Bubble aqueous
layer with nitrogen gas to remove.any remaining ether. Acidify to
congo blue with 5N HCL and an oil will start to separate. Let 
stand and the oil will solidify. Filter, wash with distilled 
water and let dry.3
Addition of aniline to protected amino acid; The amine 
protected amino acid and aniline in 1:1 ratio is dissolved in 
dichloromethane. Dicyclohexylcarbodiimide (1 equiv.) is added to 
stirring mixture. Urea (N,N-dicyclohexyl urea) forms immediately 
causing the solution to go cloudy. Let stir for 5 hours.
Solution is filtered to remove urea. Wash with dichloromethane. 
Filtrate and washings are extracted with IN HC1, IN KHCO3, H2O and 
then dried over MgSC>4 and evaporated to dryness.
FMOC-vallne: obtain from Sigma.
NMR DATA:
NMR spectra were obtained on a Varian XL-200 in CDCI3 with
TMS as an internal standard, unless otherwise noted. Melting 
points were not performed due to decomposition of the compounds.
9Tert. ButyJ.oxycarbonyl~aland.n6-3,5-dimethyl anilide (4a);
NMR 81.41(s,9H), 1.47 (s, 3H), 2.24(m,6H), 3.8(s,lH), 4.25(s,lH),
6.96(m,3H).
Tert. Butyloxycarbonyl-alanine-anilide (4b); NMR 81.41(3,911), 
l..'t6(s,3H),4.6(m, 1H), 4.9(s,lH), 7.1(d,lH), 7.38(m,5H).
Tert. Butyloxycarbonyl-valine-anilide (4c); NMR 8l.0(t.6H),
1.41(3,9*1), 2.2 (m, 1H), 4.2(1H), 5.4(s,lH), 7.0(1H), 7.43(m,5H). 
Benzyloxycarbonyl-alanine-anilide (4d); NMR 8l.4S(d, 3H),
4.38(m,1H), 5.14(a,2H), 5.23<1H), 7.31(m,9H), 7.13(d,lH).
Benzyloxycarbonyl-alAnine~3,5-dimethylanilide (4e); NMR 8 
1.43(6H), 1.46(3,3H), 4.34(1H), 5.14(2H), 5.29(1H), 7.32-7.11(0H).
Benzyloxycarbonyl-valA.ne-3,5-dimethylanilide (4f); NMR
81.50(split doublet,6H), 2.10(S,6H), 2.26(1H), 4.07(1H), 5.18(2H),
5.35(1H), 7.067-7.36(8H).
Benzyloxycarbonyl-phenylalanine-3,5-dimethylanilide (4g); 1H 
NMR 82.26(6K), 3.16(2H), 4.47(1H), 5.11(2H), 5.37(1H), 6.9-
7.4(aromatic protons).
Benzyloxycarbonyl-lysine-3,5-dimethylanilide (4h); NMR
8l.82-2.00(4H), 2.14(s,6H), 3.2(2H), 3.35(2H), 4.3(1H), 5.1(2H),
5.28(s,1H), 7.07(3H), 7.1-7.3(8H).
Benzyloxycarbonyl-methionine-3,5-dimethylanilide (4i); ljj NMR 
8l.5 (split doublet,6H), 2.17(3H), 2.1(s,3H), 2.1(2H), 2,5(t,2H),
4.1(1H), 5.13(2H), 5.34(1H), 7.07-7.32(8H).
ft
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Benzyloxycarbonyl-ornithine-3,5-dimethylanilide (4j); Ir NMR
8 1.7 (6H), 3.2<2H), 2.6(2H), 1.7-2.1(4H), 4.5(111), 5.11(2H),
5.33(1H), 7.167-7.31(8H).
Benzyloxycarbonyl-valine-2,6-dimethylanilide (4k); 1h NMR
81.5K6H), 2.167(s,6H), 2.33<1H), 4.13(1H), 5.15(2H), 5.3(1H).
7.067-7,35(8H).
Benzyloxycarbonyl-alanine-2,6-dimethylanilide (41); NMR
8l.49-1.55(6H), 2.164(3H), 4.4(1H), 5.14(2H), 5.30(1H), 7.14-
7.31(8H).
9-Fluorenylmethyloxycarbonyl-valine-3,5-dimethylanilide (4m):
*H NMR (DMSO) 8l.49(m,6H), 2.10<iS,6H), 4.07 (III), 4.60(s ,1H),
5.18(1H), 7.06-7.7(aromatic protons).
l,2-di(Benzyloxycarbonyl~alanine-anilido) NMR (DMSO)
8l.45(d,3H), 2.2(m,4H), 4.38(m,lH), 5.16<S,2H), 5.26<1H), 7.08-
7.21(aromatic protons).
RESULTS AND DISCUSSION
The enantiomers in table I were synthesiaed in order to study 
their separation on the DNB amino acid chiral stationary phase 
columns developed by Pirkle and co-workers. In all cases/ the 
mobile phases used was 10% Isopropanol in hexane. The amino acid 
derivatives contain a N-terminal protecting group that is capable 
of Intercalating between on the C8P strands, the rigid flat 
backbone to allow chiral interaction, and the pi systems to add 
greater interaction. The amide and carboxyl protecting groups
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were chosen for electrostatic and chemical characteristics and 
ease of addition and removal.
The following interactions is the proposed chiral recognition 
model (Fig 4):
1. The N-protecting group will intercalate between the 
strands of bonded phase
2. The analyte's carboxyl will align with the CSP's amine 
group.
3. The analyte*8 amine will align with the CSP's carbonyl.
4. The chiral recognition of the CSP and analyte's chiral 
centers.
5. Two more adjacent carboxyl:amide alignment between the 
analyteand CSP remaining carbonyls and amide groups.
6. The pi~pi interaction between the DNB group and the 
aniline group.
Figure 4. Chiral Recognition Model.
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Each propsed interaction ia believed to be exhibit by the 
dominating species and is explained in the following text.
Comparing enantiomer derivatives in table I the CBZ 
derivatives exhibit higher a values than the BOC derivatives.
This suggests that the CBZ group has less steric interaction with 
the CSP than the BOC group. The steric interaction is better 
called repulsion and can be attributed to the tert. butyl group's 
difficulty to intercalate into the bonded strands connected to 
the silica support phase and become more easily eluted than the 
CBZ derivative. In comparison, the CBZ group, being flat, can 
intercalate between strands more easily than the BOC group.
The FMOC's fluorenyl is flat, similar to the CBZ group, 
however, it's size is larger than the CBZ group and gives an a
value comparable to the BOC group. The size of the fluorenyl may 
diminish the intercalation between strands thereby lowering the a
value in comparison to the BOC derivative. Further investigation 
is needed to draw conclusions about FMOC interaction's with CSP. 
It was established the CBZ derivatives resolved better on the CSP 
than the BOC or the FMOC derivatives. The results illustrate 
that a N~protecting group must be flat and small enough to 
intercalate between the bonded strands of the CSP.
The separation of /^-protected amino acids was attempted but 
no resolution was observed. This supports the premise that three 
simultaneous interactions are required to al^ow resolution.
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Dipole stacking and chiral recognition are not enough 
interactions to allow resolution.
We chose aniline as the carboxyl protecting group to provide the 
pi-pi interaction with the DNB group. Previously a naphthyl group was 
used, however, aniline is easier to remove and work with. The aniline 
derivative gave good resolution. _As mentioned in the introduction, the 
addition of methyl groups would increase the pi-basicity of the ring and 
facilitate better interaction with the electron deficient ft system of
the DNB group. Addition of methyl groups gave better resolution, 
however, the positioning of the methyl groups dictated whether
enantiomers would separate on the CSP. Methyls at the 3 and 5 positions 
increased the avaules, yet methyls at the 2 and 6 positions showed no
separation. The rationale is that the additional methyl groups do 
increase the pi-basicity of the ring, but the positioning of the methyl 
groups at the 2 and 6 position causes the ring to pivot out the plane 
due to steric hindrance between the methyls and the aminyl hydrogen.
The derivative buckles and the interactions between the CSP and the 
analyte are not fully established. The enantiomers longer i-m hxee 
simultaneous interactions with the CSP and results iu no res >t
The experimental observation is the pi-pi interaction c 
aniline must be in the same plane of cihe backbone of H 
have the three sites of interaction. If a twist is c 
enantiomer then the backbone cannot be held flush t< cr> 
the chiral recognition or one of the other interact c m
the DN-* and he
elUAti t i' -■ o ' t *
m. j-Cju n. * > he 
i:o inci ii. ;t j 
ce ro t :  formed
resulting in no resolution.
i
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In this particular model the chiral center of the derivative 
is held flush to the CSP by the dipole stacking. The chiral 
center is of minor importance when considering interaction sites 
contributing to greater a values. The degree of recognition is
dependent on the space formed between the enantiomeric analyte 
and the CSP and the strength of the other interactions establish 
during separation of enantiomers. The general trend illustrated
by the leucine DNB column is the more bulk the side chain of the 
amino acid or the R-group, the lower the a. The first enantiomer
to elute is the L(S) amino acid. The rationale is the L 
enantiomer protrudes against the CSP/ weakening the dipole 
stacking and causing elution of the analyte from the CSP. Pirkle 
reported early that the DNB ct-amino acid columns facilitate the
dipole stack as a electro-static interaction based on the elution 
order of enantiomers.^ The R CSP elute the R enantiomer solute 
first. This shows that the R-S interaction is more favorable that 
the R-R. The explanation is that a R-R chiral interaction is a 
steric repulsion the weakens the dipole stack resulting in the R
enantiomer solute to elute prior to the S enantiomer solute. The 
degree of steric repulsion is depicted by the a. methionine has 
the highest a followed in order, by alanine, valine, 
phenylalanine, lysine and ornithine. The higher a of methionine
can be attributed to the degree of polarity with respect to the 
eluting solvent (iPA/hexane). Increasing the polarity of the 
/eat wi-i rer a or shorten the retention time. As for the
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comparison of valins and pnenylalanine the bulk of these R-groups 
in the proximity of the chiral center, of the CSP is the reason 
for their smaller a values. Even rotation of the phenyl or the
valine groups doesn't completely diminish the steric repulsion 
with the CSP when comparing a's to those of alanine.
The lysine derivative is not retained as long as the 
methionine which may be due to the lysine side chain is less 
polar and also more easily eluted with the solvent. Also, the 
lysine derivative is not retained as long as alanine contributed 
to lysine's side chain being longer and more soluble in the 
solvent. In the case of the R enantiomer, the side chain 
aterically interacts with the CSP and is eluted before the S 
enantiomer. In the case of ornithine the one less methylene
r-
group has less steric interaction with the CSP than lysine, which 
is reflected in a slightly higher a value. This can be
attributed to ornithine has 1; is steric repulsion with the CSP 
and less interaction with the solvent than lysine.
The l,2-di(CBZ-alanine-anilido) illustrates the squaring of 
the a value when the number of the interactions are doubled. The 
relation can be shown by the equation AAO— RTlna, which was 
covered by Pirkle and ?ochapsky2 and explained in the 
introduction of this paper. The 1,2-di-(CBZ-alanina-anilido) has 
an <* value of 4.02, which is nearly double of the CBZ-alanine- 
anilide derivative's a value of 2.35.
Separation on the valine column gave lower a values than the 
leucine column. This is attributed to more bulk being present in 
the proximity of the chiral center, resulting in more steric 
repulsion with the analyte than experienced by the leucinef
column. The valine has an additional methylene present at the 
chiral center causing more repulsion with the analyte's side 
chain. The two methyl groups in lysine's structure gives enough 
distance from the chiral recognition center to lessen steric 
repulsion with the analyte.
Examination of the chiral recognition model reveals that 
the side chain disrupts the backbone orientation which pulls the
analyte out the plane of the CSP's orientation therefore lowering 
the interaction. The effect on the a value depends of degree of
steric repulsion or the bulk introduced by the R enantiomer's 
side chain at the proximity of the chiral center of the CSP.
16
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Table I. Resolution of AAProtected Amino An,llde
Derivatives on CSP 1 (Flo 3- R-CH3(CH3)CHCH3-).
i
o
R^NH-CH-O^-NH-Ar
l
Ri r2 Ar*
0^
BOD We SjS’DMA 2.00
BOC Me Ph 1.75
BOC /-P r Ph 1.86
CBZ Ms Ph 2.35
( y Ms 3,5-DMA 2.47
C02 APr 3,5-DMA 2.25
C8Z Bz 3,5‘ DMA 2.03
C055 H2N(CH2)4- 3,5'DMA 1.48
CBE OH38(c Ha)2- 3,5'DMA 8.33
CBZ H2M(OH^3* 3,5-DMA 1.55
CBZVlPew APr 2,0-DMA 1.00
fn y  : Ms 2,0-DMA 1.00
fUCC APr 3,5'DMA 1.70
a) Ph-CgHs, 3 ,5  DMA-3,5-dimethylphenyl, 2 ,6  DMA-2,6
dimethylphenyl.
b) Mobile phaae wee 10% IPA/Hcxana, flow tat# ^ml/roinute.
Table II. Resolution of W-Protected Amino Acids As Their Anilide 
Derivatives on C8P 2 (Fig 3, R-(G H3)20H-)-
f t
R ^ N H -C H -C —N H -A r 
Ra
*1 *2 Ar® ab
BOC Me 3,5-DMA 1.39
BOC Me Ph 1.33
CBZ Me Ph 1.52
CBZ Bz 3,5-DMA 1.65
CBZ Me 3,5-DMA 1.49
a) Ph-CeHs, 3,5 DMA-3,5-dimethylphenyl.
b) Mobile phase was 10% IPA/Hexane, flow rats 2ml/mlnute.
conclusion
Experimental data supports the proposed ohiral recognition' : ' ' ; ; ? ' j
model. The o values reflect the rigid backbone of the eluting* . " '
enantiomeric analytes must be held flush to the CSS to give 
greater chiral recognition which results in greater separation of 
the enantiomers. This can be seen when comparing the BOC and the 
CBS derivatives. For this particular packing of the column the 
BOC exhibited' lower o values due to the bulk of the tert butyl
group jfhich diminished its ability to intercalate between -strands 
of the stationary phase. The CEB analog is flat enough to
intercalate.betxien strands, thereby increasing the dipole
0stacking. The dimeth x fniline allowed greater pi-pi interaction 
with the DNB moiety bearing in mind that t a position must not 
inhibit or weaken dipole stacking.
;
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